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Abstract : The present work researches the removal of Cu & Cd ions using mixed adsorbent
prepared by blending activated charcoal and bone charcoal in 1: 1 ratio for batch and
continuous flow operation. The adsorption mechanism follows a chemisorption process due to
the synergistic effect associated by contribution of high surface area from the activated charcoal
(1600 m2/g) and negative charge from the bone charcoal. The potential capacity of the mixed
adsorbent as a minimal effort material for the removal of Cu (II) and Cd (II) from the prepared
synthetic metal ion solution was studied by optimizing various parameters in the batch study.
The batch adsorption studies have been carried out for 2 hours considering all the 6 parameters
by optimizing each of them. The effect of pH, temperature, initial metal concentration, agitation
rate, adsorbent dose and contact time were studied with respect to reaction time until the
achievement of equilibrium. The maximum removal for Cu (II) is 97.21% and Cd (II) is
78.76% obtained at 2 hrs for pH 6. The % removal for Cu varies from 87.16 to 99.74% at an
adsorbent dosage of 5 g, pH 6, initial metal ion concentration of 50 mg/l, with an agitation rate
of 180 rpm, and at a temperature of 25oC. Similarly for Cd (II) it varies from 70.23 to 88.4% at
5 g respectively at the same operating conditions.
Keywords: Activated charcoal, Bone charcoal, mixed adsorbent, Agitation rate, Metal ion
Concentration, Contact time, adsorbent dosage.

1. Introduction

The contamination of wastewater by toxic heavy metallic cations is a worldwide environmental
problem. A number of techniques such as filtration, reverse osmosis; chemical precipitation, ion exchange,
electro-deposition and adsorption have been used to remove the toxic metals from aquatic environment with
varying degree of success. All these methods have inherent advantages and limitations [1]. Natural zeolites are
hydrated aluminosilicate minerals of a porous structure with valuable physicochemical properties, such ascation
exchange, molecular sieving, catalysis and sorption. The use of natural zeolites for environmental applications
is gaining new research interests mainly due to their properties and significant worldwide occurrence.
Application of natural zeolites for water and wastewater treatment has been realised and is still a promising
technique in environmental cleaning processes. In the past decades, utilisation of natural zeolites has been
focussed on ammonium and heavy metal removal[26-43] due to the nature of ion exchange and some review
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papers have been appeared [2]. Molecular sieves are widely applied in catalysis, adsorption, and separation, as
these processes benefit from their highly ordered channels and ion exchange abilities. Molecular sieves are
usually prepared using hydrothermal or solvothermal synthesis methods. Moreover, the challenges associated
with novel approaches for the synthesis of molecular sieves with exotic structures and properties continue to be
of great importance in the field of molecular sieve materials [3]

Among all environmental pollutions, water pollution by the industrial waste which consists of
toxicheavy metals is serious. Hazardous heavy metals present in industrial wastes are copper (Cu), nickel (Ni),
lead (Pb), zinc (Zn), chromium (Cr), mercury (Hg) and others. Heavy metals are toxic in nature because of their
accumulation in living tissues and environment. Metal cleaning and plating baths, pulp, paper board mills,
printed circuit board production, wood pulp production, fertilizer industry etc. are releasing copper into the
environment [4]. Copper and its compounds are ubiquitous in nature and will bind to natural organic materials
and soil particles, and hence commonly found in surface water. An ultra-trace amount of copper is essential for
living organisms. According to Safe Drinking Water act, copper has a permissible limit of 1.3mg/L in drinking
water [5]. Beyond these levels, in human beings it causes stomach upset and ulcer, mental retardation, liver and
brain damage and so on [4]. Therefore the safe and effective removal of copper from contaminated fresh waters
is a significant environmental issue of global concern. Many conventional methods have been developed for the
removal of heavy metals from effluents such as sedimentation, ion exchange, membrane filtration,
electrochemical processes, chemical precipitation, reverse osmosis and solvent extraction. But these methods
are expensive or inefficient when the concentrations of metals are low (below 100ppm) and there is generation
of large quantities of wastes. Development of eco-friendly, efficient and low - cost processes is the need of the
hour and in this aspect, adsorption is a versatile technology with the advantages of high efficiency and
selectivity for adsorbing metals in low concentrations, recycling of the adsorbent and minimization of the
sludge generation.

2. Materials and methods

2.1 Methods and Experimental Analysis

This section gives an overview of methods and experimental analysis involved in the preparation of the
mixed adsorbent, characterization of the adsorbent, procedure for adsorption in batch study. Rotary shaker
(Spectra  Lab instruments  Private  Ltd & Industrial  Research (Delhi)  Model  HM8T) was used for  agitating the
solutions containing the mixed adsorbent along with the metal ion solution. Atomic Absorption
Spectrophotometer (Thermo Scientific ICE 3000 series) was used to measure concentration (sample analysis) of
Cu (II) & Cd(II) before and after adsorption.

2.1.1 Preparation of the mixed adsorbent

The mixed adsorbent (Activated Charcoal, AC + Bone charcoal, BC) was prepared in 1:1 ratio and the
sieve analysis (SELEC XT 264, AIMIL company ltd)  was carried out in a rotary sieve shaker to determine the
particle size of the mixed adsorbent.  The average pore size of the mixed adsorbent was obtained as 572.2 nm.

2.1.1.1 Working of the Particle Size Analyzer

The Particle size analyzer works on the principle of Dynamic Light Scattering where He- Ne Laser acts
as a light source. There should be Brownian motion in the solution for the uniform distribution of the particle
size. The Zetasizer Nano series performs size measurements using a process calledDynamic Light Scattering
(DLS). Dynamic Light Scattering (also known as PCS- Photon Correlation Spectroscopy) measures Brownian
motionand  relates  this  to  the  size  of  theparticles.  It  does  this  by  illuminating  the  particles  with  a  laser  and
analyzing theintensity fluctuations in the scattered light. Figure 1 indicates the pore size distribution of the
mixed adsorbent. Table 1 indicates the Peaks, % Intensity and Standard deviation for the mixed adsorbent.
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Fig 1 Pore size distribution of the mixed adsorbent

 (Ref of fig 1: ZetaSizer nano user manual, MAN0485 Issue1.1 April 2013; Malvern Instruments Ltd, Malvern,
United Kingdom)

Z-Average (d.nm): 572.2
Poly Dispersity Index (PDI) : 0.676
Intercept: 0.961

Table 1 Peaks, % Intensity and St. Deviation for the mixed Adsorbent

Peak Size (d.nm) % Intensity Standard Deviation
Peak 1 613.0 55.3 180.7
Peak 2 232.9 44.7 58.16
Peak 3 0.000 0.0 0.000

2.2 Characterization of the mixed Adsorbent

Physical Characterization such as Proximate and Ultimate analysis are done through (ASTM
Distillation standards 2009) [6]. FTIR analysis, BET analyses were carried out to determine the physico-
chemical properties, different functional groups available for adsorption and surface area of the adsorbent.

2.2.1 Proximate Analysis

Proximate analysis is a type of assay for the determination of different constituents present in the coal
sample. The standard procedures are followed to determine the bulk density, average particle size diameter,
moisture content, volatile content, ash content, fixed carbon and surface area. Ultimate analysis gives the
composition of the sample in terms of weight% of Carbon, Nitrogen, Hydrogen, Oxygen and Sulphur. The
carbon content determination includes the carbon present in the organic coal substance and as mineral
carbonates. Hydrogen determination gives the hydrogen content in the organic materials with the coal. All
nitrogen determined is assumed to be the part of the organic materials in the coal. Table 2shows the proximate
analysis for the adsorbent. Table 3 shows the physical properties of the mixed adsorbent.

Table 2 Proximate analysis of the mixed adsorbent

Property Composition of the mixed Adsorbent
Bulk Density (g/cc) 0.74

Pore Size 572.2 nm
Moisture content 3.43%
Volatile matter 23.61%

Ash Content 4.39%
Fixed carbon 68.57%

Surface area (m2/g) 951
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Table 3Physical Properties of the mixed adsorbent

Adsorbent type Surface area (m2/g) Moisture (%) Particle size (ìm) Charge
100 % AC 1600 5 33.29 neutral
100%  BC 267 3.43 28.40   -ve
50 % each 951 4.24 32.44 -ve

2.3 Batch Studies

Following a systematic procedure for the removal of heavy metal ions, initially the presterilizing flasks
containing heavy metal ion solution of 50 mg/l Cu (II) and Cd (II) were prepared and the mixed adsorbent of
0.25  g  each  (AC and  BC of  1:1  ratio)  was  added  after  maintaining  the  desired  pH.  The  pH was  adjusted  by
adding 0.1M NaOH or 0.1M HCl .Adsorption process was carried out  in  the rotary shaker  /  agitator  until  the
equilibrium. The analysis was done for the filtered samples by Atomic Absorption Spectrophotometer (AAS) to
find the residual concentration in the solution. After the analysis the equilibrium time and % removal of heavy
metal ions were calculated. The data obtained in the present studies were used to calculate the equilibrium metal
adsorptive quantity/capacity (mg/g) by using the mass balance relationship and the percentage removal of heavy
metal ions. Experiments were conducted (three repetitions) simultaneously and the average values were
reported. The equilibrium metal adsorptive capacity of the metal ions (qe)  and % removal  were calculated by
using mass balance given by
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Where qe is the amount of heavy metal ion adsorbed per unit weight of adsorbent in mg/g, V is the volume of
the solution treated in liters. Co,  Ce is the initial and equilibrium concentration of metal ions in mg/l. M is the
mass of the adsorbent in grams.

2.4 FTIR (Fourier Transform Infra-Red Spectroscopy) Analysis

The adsorbent surface was analysed by Fourier Transform Infra-Red spectroscopy (FTIR) as shown in
Figs 2 (a) (b) and (c). FTIR spectrum was obtained after 32 cumulative scans with KBr (Potassium Bromide)
pellets of 1% (w/w). The pellet was subjected to FTIR (Thermo Nicolet manufactured) spectrum between wave
numbers ranging from 3425-1025 cm-1 before  adsorption and 3424-510 cm-1 after adsorption. Wave number
3600-3000 indicates the –O-H and -NH groups; Wave number 2900-2800 indicates symmetrical or
asymmetrical –C-H stretching of aliphatic acids. Wave number 1700-1600 indicates –C = C (ketone group),
wave number 1550-1300 indicates –C-H stretching and –C = C. Wave number 1106- 1024 and 1030 - 560:
indicates C-O stretching, -C-H aromatic, miscellaneous oxides and –S-O symmetrical vibrations (weak
reflectance) [7].

Fig 2 (b) and (c) indicates the FTIR Spectrum of the mixed adsorbent (Activated and Bone charcoal)
after adsorption for Cu (II) and Cd (II) with different wave numbers and frequencies which have various
functional groups as indicated below.

Wave number 3600-3000: -O-H and – N-H.
Wave no: 2900-2800 Symmetrical or asymmetrical –C-H stretching of aliphatic acids
Wave no: 1700-1600: -C= C
Wave no1550-1300:-C-H Stretching, -C=C.
Wave no: 1106- 1024 and 1030 - 560: C-O stretching, -C-H Aromatic, miscellaneous oxides and -S-O
Symmetrical vibrations (weak reflectance) [26, 34]
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(a) FTIR Spectrum of the mixed adsorbent (50% each) before adsorption

(b) FTIR Analysis of the mixed adsorbent after adsorption for Cu

(c) FTIR Analysis of the mixed adsorbent after adsorption for Cd

Fig 2 FTIR spectrum of mixed adsorbent (50% each before adsorption), after adsorption for Cu, after
adsorption for Cd indicated as 2 (a), (b) and (c) respectively.
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2.5 BET Analysis

BET theory aims to explain the physical adsorption of gas molecules on a solid surface and serves as
the basis for the measurement of the specific surface area of the mixed adsorbent [8]. The specific surface area
of a powder is determined by physical adsorption of a gas on the surface of the solid and by calculating the
amount of adsorbate gas corresponding to a monomolecular layer on the surface. Physical adsorption results
from relatively weak forces (van der Waals forces) between the adsorbate gas molecules and the adsorbent
surface area of the test powder. The determination is usually carried out at the temperature of liquid nitrogen.
The amount of gas adsorbed can be measured by a volumetric or continuous flow procedure. The specific
surface area of a powder is estimated from the amount of nitrogen adsorbed in relationship with its pressure, at
the boiling temperature of liquid nitrogen under normal atmospheric pressure (Make Micrometrics Gemini
2375); Micrometrics Instrument Corporation, U.S. A (United States of America). The BET method leads to a
surface area parameter which allows to compare, classify and evaluate different samples and to take into
account pores (micro-, meso- and macro pores), roughnesses and particle shapes by measurement [9]. The BET
surface area gets also calculated out of a complete adsorption and desorption isotherm to be used as
complementary parameter for the determination of pore volume and pore size distribution. The BET surface
area of the mixed adsorbent was found to be 951 m2/g. (refer table 3).

3. Results and Discussion

3.1 Effect of pH

pH is one of the most important environmental factor influencing not only site dissociation but also the
solution chemistry of the heavy metals, hydrolysis, complexation by organic and/or inorganic ligands [10].
Redox reactions, precipitation are strongly influenced by pH and, on the other site, strongly influence the
speciation and the adsorption availability of the heavy metals. Accordingly adsorption was principally
dependent on the type and ion state of the functional groups (ligands) present in the adsorbent [11]. At low pH
values, the surface of adsorbent would also be surrounded by hydronium ions which decrease the metal ion
interaction with binding sites of activated charcoal and bone charcoal by greater repulsive forces and therefore
lower adsorption takes place. In contrast as the pH increased, the competing effect of hydrogen ions decreased
and more ligands were available. Therefore at high pH values the overall surface on the activated charcoal and
bone charcoal became more negative and adsorption increased. At pH higher than 8 insoluble copper and
cadmium hydroxides get precipitated and restricted the true adsorption studies [12]. The experiment was
conducted with the adsorbent conditions at a temperature of 25oC, 50 mg/l of initial metal ion concentration for
120 minutes with an adsorbent dose of 0.5 g of the mixed adsorbent. For Cu (II) with respect to the increase of
pH the % removal increased for 50% each and the maximum % removal was 97.21%  attained at 100-120 min.
at pH = 6. For the cadmium with the increase of pH the % removal increased for 50% each (1:1) and the max %
removal was 78.77% and attained at 120 min. At pH = 6. This huge difference in the % removal for Cu (II) and
Cd (II) was due to the more atomic weight of Cd (112.411) and for Cu it is (63.546). At pH values above 8 the
cadmium and copper metal ions precipitate by forming hydroxides. The results indicate that the adsorption is
highly pH dependent. In the acid range the % removal of heavy metal ion increases by increasing order of pH
by 6 > 4 > 2 > 8 for both the metals and in the base range it forms as hydroxide precipitate. The max % removal
for Cu (II) was 97.21% and Cd (II) was 78.77 respectively obtained at 120 min & pH= 6 [13]. Figure 3 and 4
shows the effect of pH on Cu (II) and Cd (II) % removal.
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Figure 3: Effect of pH on Cu (II) % removal           Figure 4: Effect of pH on Cd (II) % removal

3.2 Effect of Temperature

Initially the percentage removal vs sampling time follows a chemisorption process from 5- 90 min and
in the later stage the % removal became almost equivalent and negligible changes have been observed from 90-
120 min and further the graph approaches equilibrium in between 100-120 min and it was extended up to 150
min as shown in the fig 5. Conventionally with the increase of temperature, the adsorption decreases. However
for the mixed adsorbent the overall charge being -ve the % removal of ions increases with the increase of
temperature and the % removal of the heavy metal ions is highly dependent upon temperature at  initial
adsorption process from 5- 90 min.The % removal with respect to increase of temperature follows a
chemisorption process and the maximum % removal was 99.75 at T = 40oC. The % removal was almost
constant at different temperature ranges between 25 to 40oC  and  it  can  be  predicted  that  the  %  removal  is
independent of temperature with respect to sampling time from 90-120 min. For the temperature range from T
(40 > 35> 30 > 25) and the % removal for Cu (II) is 99.41 > 98.85 > 97.92 > 96.13 respectively and almost
negligible change of removal was observed after the attainment of equilibrium as shown in the fig 5 and 6
respectively. Similarly for Cd (II) the % removal was 88.12 > 85.25 > 82.18 > 78.77 with respect to
temperature T (40 > 35 > 30 > 25) was reported. The more % removal of Cu (II) was due to low atomic weight
when compared to Cd (II) having higher atomic weight. The optimum temperature was found to be 40o C for
both the metals. Increasing temperature likely influenced the internal structure of the adsorbent and simplified
the metal ion distribution in the mixed adsorbent inter-spaces which enhances the % removal of metal ions.

Figure 5: Effect of temperature on                             Figure 6: Effect of temperature on
Cu (II) % removal                                                        Cd (II) % removal



Srinivas Tadepalli et al /International Journal of ChemTech Research, 2016,9(5),pp 691-704. 698

3.3 Effect of adsorbent dosage

The  parameter  adsorbent  dose  is  considered  to  be  significant  for  effective  metal  ion  removal  as  it
determines sorbent- sorbate equilibrium of the system. It was observed that the amount of copper adsorbed
varies with different mixed adsorbent concentration or adsorbent dose. The amount of copper adsorbed per unit
mass of the mixed adsorbent decreases with an increase in adsorbent dosage from 0.5 to 5 g which determines
the number of binding sites available for adsorption. The number of adsorption sites or surface area increases
with the weight of adsorbent and hence results in a higher percentage removal at more dose [14]. The
experiment was conducted at 25oC, 50 mg/L concentration for 5 -120 minutes at a pH of 6 for copper and
cadmium.

Adsorption of metal ions on these types of materials is generally attributed to weak interactions due to
physisorption and strong interactions due to chemisorption between the adsorbent and adsorbate. Due to
synergistic effect the % removal increases with the increase in adsorbent dosage at the early stages of
adsorption and later it got saturated at 100 min and 120 min for Cu (II) and Cd (II) respectively. Surface
charges  on  substrates  or  on  the  mixed  adsorbent  as  well  as  softness  or  hardness  of  the  solutes  are  mostly
responsible for the intensity of these interactions. Columbia interactions can be observed for the ionic exchange
of cationic species with the anionic sites in the materials and is determined by their surface areas. The
adsorption experiment was carried out for 0.5g, 1g, 2g, 3g and 5g of the mixed adsorbent. The % removal is
highly dependent on adsorbent dosage. So the % removal increases in the order of increasing adsorbent dosage
given as 5 > 3 > 2 > 1 > 0.5 g as shown in the fig 7 and 8 respectively. The experiments are carried out at pH =
6 and T = 25oC, 50 mg/l of initial concentration.  The % removal of Cu varies from 87.16 to 99.74 at 5 g, 77.46
to 92.35 at 3 g, 58.93 to 78.88 at 2 g, 52.87 to 70.13 at 1 g, and 46.9 to 60.82 at 0.5 g respectively as shown in
fig 7. Similarly for Cd (II) it was 70 to 88.4 % at 5 g, 65.66 to 80.23 % at 3 g, 52.85 to 71.37 % at 2 g, 45.71 to
64.77 % at 1 g, 39.23 to 56.83 % at 0.5 g respectively as shown in the fig 8 at the same operating conditions.
The  optimized  adsorbent  dose  was  found  to  be  5  g  for  both  the  metals.  The  present  results  obtained  are  in
correlation with the past literature results that were obtained for Cu (II) and Cd (II) removal using Granular
Activated carbons, zeolites and many agricultural adsorbents [15-18].

Figure 7: Effect of adsorbent dosage on Cu (II) % removal
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Figure 8: Effect of adsorbent dosage on Cd (II) % removal

3.4 Effect of Metal Ion Concentration

It was observed from the results that at low metal ion concentrations, the ratio of surface active sites to
the total metal ions in the solution is high and hence metal ions may interact with the adsorbent and can be
removed from the solution. Also at high-concentration levels, some metal ion components are left unabsorbed
in solution due to the saturation of binding sites on the active surface. However, amount of metal adsorbed per
unit weight of adsorbent qe is higher at high concentration [19]. The experiment was conducted at a temperature
of 25 °C, and at different concentrations varying from 50 to 200 mg/L and at the pH of 6 for both copper and
cadmium with an adsorbent dosage of 0.5 g of the mixed adsorbent. The effect of initial metal ion concentration
on the adsorption capacity shows that up to 97.21% of the Cu (II) metal ion was adsorbed at the initial metal ion
concentration of 50 mg/l within first 70 minutes and later got saturated from 80- 120 min of the reaction time.
As shown in the fig 9 the % removal decreases with increase in metal ion concentration from 50 to 200 ppm for
Cu (II). At 100 ppm the % removal was 92.5% after attaining the equilibrium time of 120 min for the same
adsorbent conditions which indicates the nearness value with a negligible difference of 4.7 %. It can be
predicted that the industrial effluent whose concentration ranges between 100 to 300 ppm can be treated as an
effluent and so this 100 ppm concentration can be taken as an optimized value which can be utilized in the
continuous column flow operation. Similarly for cadmium with the increase of initial metal ion concentration
from 50 to 100 mg/l the % removal decreases from 80.97 to 78.77 (2.2% decrement) respectively which can be
negligible and there were no significant% removal were obtained at 200 ppm as shown in fig 10. This result
signifies that gradual increase in the efficiency of the adsorbent shows nearness to saturation of the available
binding sites. As the metal ion concentration of 150 ppm has the % removal of 77.37 and 64 % for Cu and Cd
(II) respectively, hence so it can be taken as an intermediate between 100 and 200 ppm. It can be concluded that
there is a negligible % removal of 2.2% as shown above between 50 ppm and 100 ppm concentrations so the
same 100 ppm IMC can be used in the continuous column flow operation for both Cu and Cd metal ion. The
optimized Initial metal concentration was obtained as 100 ppm for both the divalent metals. The present results
obtained are in correlation with the past results obtained from the literature. [20, 21-22]. Figure 9and 10 shows
the effect of Metal ion concentration on Cu (II) and Cd (II) % removal respectively.
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Figure 9: Effect of Metal ion concentration on Cu (II) % removal

Figure 10: Effect of Metal ion concentration on Cd (II) % removal

3.5 Effect of Agitation rate

Agitation was an important parameter in adsorption because it helps in overcoming the external mass
transfer resistance. At higher agitation rate the mass transfer resistance related to ion diffusion through the
liquid film surrounding the mixed adsorbent was reduced as the film thickness reduces due to more shaking
speed or agitation rate which results in metal ion uptake. Agitation of the solution not only results in a decrease
in  film  transfer  resistance  but  also  results  in  the  abrasion  of  the  mixed  adsorbent  and  produces  the  freshly
broken and highly reactive locations on the adsorbent surface. So this mechanical effect increases the number of
possible adsorption locations/sites that results in an increase in the rate of adsorption. However, the production
of fine particles due to abrasion has its disadvantages, which becomes increasingly difficult to separate the
solute/solids from the liquid [23]. The experiment was conducted with the adsorbent conditions 50 mg/l of
metal ion concentration and 5 g of mixed adsorbent for 120 minutes at the pH 6 for both copper and Cadmium.
As agitation rate was an important factor in adsorption for the batch study for the heavy metal ions, it can be
concluded that the more mass transfer can takes place during the reaction/agitation at higher agitation rate of
180 rpm when compared to low agitation rate of 60 rpm. Due to the turbulence effect the % removal increases
with the increase of agitation rate for the mixed adsorbent. The % removal increases with the increase of
agitation rate (rpm) and the order is as follows: 180 > 150 > 120 > 90 > 60 rpm. The optimized agitation rate
was found to be 180 rpm for both the metals. The maximum % removal was 92% and 86.9% at 180 rpm for Cu
(II) and Cd (II) respectively as shown in Fig 11 and 12.
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Figure 11: Effect of Agitation rate on Cu (II) % removal

Figure 12: Effect of Agitation rate on Cd (II) % removal

3.6 Effect of Contact time

The outcome acquired from the contact time demonstrates that the rate of adsorption increases /rises
with the increment of contact time between the adsorbent and metal particle or adsorb ate arrangement in the
solution. After certain amount of time all the active sites of the adsorbent were filled either with metal ions or
the solution itself was saturated. So increase in rate of adsorption ceases and percentage removal becomes
constant and approaches a saturation point [23]. The experiment was conducted with the adsorbent conditions at
50  mg/L  of  Initial  Metal  ion  Concentration  (IMC)  and  5  g  of  the  mixed  adsorbent  at  pH  6  for  copper  and
cadmium metal ions with an agitation rate of 180 rotations per minute (RPM) and contact time varying from 5
to 120 minutes respectively. It can be concluded that with respect to increase of contact time the % removal
increases and the optimized contact time for Cu (II) with 50 % each is 105 to 120 min where (94.83% removal)
was reported at pH 6. Similarly for Cd (II) the optimized contact time with 50% each was 120 -130 min where
the % removal was reported as (76.88-77.35%) at pH 6 that are shown in Fig 13 and 14 respectively.
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Figure 13: Effect of Contact time on                     Figure 14: Effect of Contact time on
Cu (II) % removal                                                   Cd (II) % removal

4. Conclusions

Experiments were conducted to investigate the copper and cadmium removal from the aqueous solution by
the mixed adsorbent prepared by blending activated charcoal and bone charcoal in 1:1 ratio. Approximately
above 99% of the copper and 88-90% of the cadmium ions originally present in the solution were adsorbed onto
the mixed adsorbent within 100-120 minutes after the start of the adsorption experiments and equilibrium was
reached within 2 hours for both the metals. The maximum adsorption capacity of Cadmium was 6.71 mg/g at
the optimized pH 6, with the adsorbent dosage of 0.5 gm. Incase of initial metal ion concentration (IMC) and
temperature, the maximum adsorption capacity Qmax (Adsorption capacity) was 19.64 mg/g at 150 ppm and
8.34 mg/g at 40oC respectively for Cd (II). The maximum adsorption capacities of Copper were 9.44 mg/g at
the optimized pH 6, with an adsorbent dosage of 0.5 gm. In case of the parameters Metal Ion Concentration
(MIC) and temperature the maximum adsorption capacity Qmax was 22 mg/g at 150 ppm and 9.64 mg/g at 40oC
respectively for Cd (II). The order of affinity for Cu (II) was greater than Cd (II) due to the lower atomic weight
of Cu (63.5 g/gmole) than that of Cd (112.4 g/gmole).
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